Regression analysis is used for the estimation of the pKa values, %analgesic activity (%AA) and % decreasing activity of central nervous system (CNS) depressant property (%DA) of eight substituted imidazolin-5(4H)-ones by using various types of descriptors as parameters. These parameters are based on quantum chemical treatments. They were derived by employing semi-empirical calculations represented by Austin model 1 (AM1). The parameters used for representing the variation observed in the pka values, %AA and %DA are atomic, structural, and molecular properties, including charges on hetro atoms present in the compounds, energies of HOMO (E HOMO ) and LUMO (E LUMO )orbitals, hardness of molecules (η) , chemical potential (µ) electrophilicity index (ω), total energy (TE), stretch (Str), bend (Bd), 1,4-Vander Waals interactions (1,4VDW), and Non1,4-Vander Waals interactions (Non 1,4-VDW). The relation of pKa, %AA, and %DA and each of these parameters of the studied compounds is investigated.
INTRODUCTION
Imidazolines are compounds containing five member hetro cyclic ring with two nitrogen atoms having the formula C3H6N2. The ring involving an imine bond, and the carbons at the 4 and 5 positions are singly bonded [1] . Imidazolines are commonly synthesized from the condensation of 1,2-di amines compounds with nitriles and with ester [2, 3] . The substitution on the imidazoline ring provide opportunities for finetuning the electronic and steric properties which influence many of the physicochemical characteristics of the compounds which in turn affect some of their pharmacological activities such as analgesic activity and CNS depressant property [1, 4] .
Imidazolines are very important type of compounds. They have been 31 investigated as anti-hyperglycemic, anti-inflammatory, anti-hypertensive, anti-hypercholesterolemic, and anti-depressant agents [1, 4] . They have been used as ligands in Coordination chemistry [2] . Some of the synthesized complexes function as catalysts for reactions such as Henry and Diels -Alder reaction [1, 2] . Many imidazoline derivatives have also various industrial applications [5] .
The pKa values provide basic knowledge for understanding the chemical reactions between compounds (drugs) of interest and pharmacological target. They are therefore represent a very important physicochemical phenomenon that influence the reactivity and spectral properties of the drug compounds and controlling their absorption and action as a result [6] .
Analgesic activity and CNS depressant property can be considered as the most important pharmacological activities treated by imidazoline derivatives [7] . The way of the effect of imidazoline compounds on such properties is still ambiguous and not well known and they are roughly evaluated by experimental method. The pKa, analgesic and CNS depressant properties are found to be affected by the nature and location of the substituents exist on the compounds [1, 4, 8] , they are therefore, sensitive to the variation of inductive and steric effects within the molecule. Since such effects can be evaluated by quantum chemical methods [9] [10] [11] [12] , certain parameters might serve as useful descriptors for understanding the physical and chemical effects of structures of imidazolines on these properties.
In order to find out how far experimental results are reflected in the theoretical predictions and what kind of information can be extracted from such investigation, the present work examines the applicability of quantum chemical parameters derived from the semi-empirical AM1 model as descriptors for affecting the pKa, analgesic and CNS depressant properties of imidazoline derivatives. Several sets of parameters are derived for the theoretical prediction of pKa values, %AA and %DA by simple and multiple regression analysis.
METHOD The experimental data (pKa, %AA and %DA) are taken from various references [7, [13] [14] [15] . The pKa values were calculated in %10 water and acetone solvent system at 20 o C by potentiometric method [15] . The analgesic activity was evaluated as acetic acid induced writhing method (% protection) [15] , and the depressant property (%DA) was estimated by measuring locomotors activity [16] using actophotometer in mice. For evaluation of every pharmacological property, healthy adult albino Swiss mice weighing between 20 -25 gm and administered intra peritoneally in the dose of 100 mg / Kg body weight.
The structure and collected data of the studied compounds are listed in Table ( 1) . The structures of the selected imidazolinones as illustrated in the figure below: The conformation of the lowest energy of each imidazoline derivatives listed in Table (1) is determined by full geometrical optimization.
The optimized geometries were used for evaluation of atomic charges and structural parameters as total energy (TE), molecular bending (Bd) and stretch (Str), Vander Waals of the type 1,4 (1,4VDW) and (Non 1,4-VDW). Interactions, the highest occupied molecular orbitals energy (E HOMO ) and the lowest unoccupied molecular orbital energy (E LUMO ). The values of E HOMO and E LUMO were used for the calculations of other molecular properties namely; hardness (η), chemical potential (µ) and electrophilicity index (ω) [17, 18] 
Multiple Linear Regression (MLR) [19]
Emad A. S. Al-Hyali 33 The experimental pKa, %AA, and %DA were correlated separately with the electronic and structural parameters obtained by quantum chemical calculations. The regression analysis is carried out according to equation (4) by considering the experimental values of (pKa), %AA and %DA as dependent variable (Y) and the theoretically calculated parameters as independent variables (Xi). Y = b + Σ aiXi ……......(4) Where b is a constant and represent a reference value, a i (s), the coefficients of the parameters (X i ). The MLR calculations were performed by SPSS package, V.18 for windows. The correlation coefficient (R 2 ) and standard error (SE) were utilized as an indication of the linearity and suitability of the chosen model.
RESULTS AND DISCUSSION
In recent years, several imidazolinon-5(4H)-ones and their derivatives are gaining prominence for their potential pharmacodynamic properties. In view of these observation, it was contemplated to synthesize some novel imidazoline derivatives from respective oxazolinone [20, 21] .
In this work, the experimental pKa values, analgesic activity (%protection to writhing (%AA)), and percent of decreasing CNS depressant (%DA) activity of the imidazolinone derivatives considered have been correlated with some descriptors derived by the help of quantum chemical calculations which were basically electronic and energetically related values and they are thought to be capable of describing the effect of substitution on the considered properties successfully. The parameters used as descriptors of the variation of the considered properties are derived by the AM1 method.
In developing model equation for the calculation of the considered properties of the studied imidazolinones, it is reasonable to correlate them with the electronic charges of the hetro atoms of the imidazoline ring in addition to the other hetro atoms exist in their structures (O of (C=O) and N of NH2)) of the studied compounds. Variety of other parameters were considered as descriptors for pKa, %AA and %DA listed in Tables (2-3 ) and were used for correlation in an attempt to find out the parameters providing the best description of the variations of these characteristics.
Additional parameters were also tested related to the energies of HOMO and LUMO orbitals and the values of η, µ, and ω calculated by equations 1, 2, and 3 respectively. The values of these parameters are listed in Table (4) . This study is divided into three parts depending on the statistical analysis and the predictive models build up for correlating the three properties considered with the parameters calculated by quantum chemical model and by employing simple and multiple regression analysis methods. The three properties; pKa, %AA and %DA are correlated with the same parameters depending on the knowledge that, the pKa value is one of the important physicochemical parameter that influences pharmacological activities such as analgesic and CNS depressants activities of the drugs which were proved to be affected by the pKa values [7] . The numbering of atoms in the studied compounds is as indicated below. 
Determination of pKa
As a primary step, correlation among the selected parameters and the pKa values of the imidazolinones considered for this study, and among the parameters themselves are performed. The statistical results obtained are listed in Table (5) .
Looking at the results of Table (5), we may conclude the following: 1 -The values of total energies (TE) of the studied compounds are highly affected by parameters related to the distortion resulted from the bonding among atoms (bend (Bd), stretch-bend (SB) and Torsion (Tor)) and to the atomic charges present on the nitrogen atom (N2) of imidazolinone ring, and also related, to a lower extent, with the parameters indicated to the activity of the reaction behavior of compounds as electrophile or nucleophile (µ,ω) and their tendencies to accept electrons (electron affinity (E LUMO )). These results may indicate to that, in the studied compounds, the imidazoline ring is not rigid and can be twisted to release the strain imposed upon the ring due to substitution which in turn increasing the activity of the compounds.
The performance of the statistical study according to equation (4) by considering the TE as a dependent variable (Y) and the above mentioned parameters as independent variables (X1, X2, ----,Xn), we could reach to the results listed in Table (6) . According to the results of Table (6), the most suitable description of the TE can be represented by equation (5) . 
2-The stretch (Str) of the structures of the studied compounds is mostly affected by the ionization potentials of the molecules (E HOMO ), dipoledipole (DD) interactions and Vander Waals interactions of the (1,4VDW) type.
3-The 1,4VDW interactions are affected by the atomic charges present on N5 and N18 atoms, while the Non1,4VDW interactions are not active or not present in the considered compounds. 4-The DD interactions of the studied compounds are better expressed by atomic charges of the atoms O11, N5 and N18. 5-The E HOMO is mostly affected and related to atomic charges of O11 and N18, and the E LUMO showed good correlation with charges exist on N2 atom, µ and ω.
The above mentioned discussion could give some explanations about the active positions in the considered compounds which could be the main reason of the activity and behavior of such compounds as drugs and representing the points by which such compounds attacking the treated targets during their biological activity. The results could also help us for performing our study by choosing the suitable parameters for relating the above values of pKa, %AA and %DA . According to the above results, multiple linear regression analysis are carried out for producing a set of parameters that could help for calculating the pKa of such compounds theoretically. The results of regression analysis for the determination of pKa theoretically are listed in Table (7) The results of Table (7) showed that, the best parameters those correlating to the pKa values giving best correlation coefficient (R 2 =0.996) and lowest standard error (SE=0.102) could be expressed by equation (5) . 66.357-4.008ELUMO+ 46.129 N5+ 140.026 O11+ 0.194 (14VDW)  + 7.333η ..................(5) Equation (5) shows that, the pKa of the compounds considered in the regression analysis is more susceptible to the changes of the charges present on O11 and N5 atoms. Comparison between the observed pKa [7] with those estimated by equation (5) is presented in Table (8) . The results of Table (8) showed good consistency between the experimental and calculated values of pKa of the studied compounds with percent of error lower than %5 which is within the accepted range of error.
pKa =

Determination of Analgesic and CNS Depressant Activities
The treatment of analgesic and CNS depressant are inseparable as activities. Several studies have been designed to evaluate the CNS depressant (%DA) and analgesic (%AA) activities of a variety of diseases [22] by employing various medicinal plant extract. The beneficial of medicinal effect of plant extract materials typically results from the combination of secondary products present in plant which are capable of producing definite physiological action on body [23, 24] .
It is worth to mention here that, the %AA is calculated as protection to writings whereas the %DA is estimated as change of decreasing activity. In order to perform this study, simple and multiple linear regression analysis have been carried out by considering each of %AA and %DA as dependent variable in separate treatment and the parameters listed in Table (5) as independent variables. The results of regression analysis (R2 and SE) are shown in Tables (9) and (10) . The values of the coefficients of the parameters (a i ) for the best are introduced as in equations 6, and 7. According to the results in Table ( 9) , the best set of parameters correlated to the %AA is given by equation (6) . Comparison between the experimental %AA [7] of the considered imidazolinones and the values calculated by using equation (6) are listed in Table ( 8) . Good consistency is noticed between these values.
Looking carefully on the comparison presented in Table ( 8) , we see that, if compound number (1) is considered as a reference, the insertion of a phenyl group into position (R2) will increase the steric factor causing distortion of the ring shape and creating deviation between the observed and calculated %AA , while replacing the CH 3 group of (R1) by phenyl will not show this effect since the ring in position (R1) has more room and freedom to rotate itself and minimize the strain that may result from the steric effect. The size and nature of group (R3) on the nitrogen atom is very important to the activity spectrum. For this reason, these compounds may operate by different mechanism and therefore relieve a different sharper kind of pain.
According to the regression analysis results presented in Table (10), the best estimation of the %DA may be given by equation (7); with R 2 =0.988 and SE= 1.57. Comparison between the observed values of %DA [7] and the calculated ones (by equation (7)) showed good agreement (Table (8) ).
%DA=
The results of Table (8) indicate that, there is a clear deviation between the observed and calculated (%DA) due to steric effect especially when inserting phenyl ring into position (R2) similar to the trend seen when calculating the %AA.
By employing compounds of analogues structure to the imidazolinones compounds selected for this study, we have made an effort to test the validity of the selected parameters aiming for improving the %AA and/or to reduce depressing effect (%DA) by assuming the presence of a number of hypothetical compounds introduced in a random fashion depending on the ease of synthesis and the logic of the variation pattern of the results obtained. The hypothetical compounds assumed for this study differ from the imidazolinone compounds considered by varying the R1, R2 and R3 groups with more bulkier groups such as ethyl, isopropyl, t-butyl and naphthyl groups (Table (11) ). The calculated theoretical parameters of these compounds depending on the AM1 model are listed in Table (12) . The calculated pKa, %AA and %DA of these compounds are portrayed in Table ( 11) . 
*CD = Charge-Dipole interaction
The results obtained (Table (11)) indicate the following : 1-The replacement of (R1 and R2) by more electron donating groups increasing the basicity of such compounds and presuming a clear steric effect especially when substituting the t-butyl group in R2 position. The replacement of CH 3 group with a naphthyl ring ( compounds number 15 and16) increases the torsion on the molecules and creating higher effect on the pKa value and producing more basic impounds. The importance of such studies lies in that, a knowledge of ionization constants of compounds is of great importance in the drug discovery process. These constants can have a profound effect on the physicochemical properties of a compound and are therefore essential for optimization of absorption, distribution, metabolism and excretion characteristics [25] . The knowledge of ionization state of a compound is also required for determining the correct binding site interaction that occur and the development of reliable structure-acidity relationships. 2-The alkylation has powerful effect in which as the alkyl group is increased in size from a methyl to t-butyl groups, the activity of depressant drops and the %AA recovers and increases, but when a naphthyl group is attached to the imidazoline ring instead of CH 3 , both the %AA and %DA are decreased. Explanation of these variations could be attributed to that, the side groups substituents have electronic effect on the imidazoline ring in addition to steric effect. Whether the side chain was electron withdrawing or donating electrons, it will affect the basicity (and activity as a result) of the ring and affect the compound ability as a drug to reach the receptor in the target body.
The success of such study could be evaluated by the high correlation coefficient (R 2 ) and lower standard error (SE) obtained from the statistical analysis, in addition to the calculated values of the properties which lie within the same range of other experimental values of compounds with similar structures found in the literature [7] .
An important advantage of such study is that, the activity of drugs could be estimated by varying several substituents theoretically before testing it on the experimental animals.
It is important to appreciate that, there are other factors can be responsible for the efficiency of drug activity to reach the target to be treated. Since the active compound might be metabolized to other inactive compound before reaches the receptor, or alternatively, might be distributed more efficiently to one part of the body than the other. Therefore, the improvement of the activity is due to pharmacodynamic properties of these drugs rather their affinity for the analgesic receptors. In other words, it reflects how much the drug can reach the receptor rather than how well it bind to it.
